Objectives: Dual antiplatelet therapy (DAPT), consisting of clopidogrel and aspirin, is the main-stay treatment of acute coronary syndromes (ACS). However, major adverse cardiovascular events may occur even in patients undergoing DAPT, and this has been related to the variable pharmacodynamic efficacy of these drugs, especially clopidogrel. Platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) are novel inflammatory markers for cardiovascular risk stratification, which may reflect an inflammatory state and thus high on-treatment platelet reactivity (HPR).
C lopidogrel is a platelet P2Y12 receptor blocker that is frequently used at present. It is used with aspirin in patients undergoing percutaneous coronary interventions (PCIs) or in patients who have an acute coronary syndrome (ACS) to decrease the risk of subsequent major adverse cardiovascular events (MACE), such as stent thrombosis or recurrence of ACS. However, MACE may occur despite the use of the recommended dual antiplatelet therapy, and this clinical condition has been mainly related to the variable pharmacodynamic efficacy of these drugs, especially clopidogrel. [1] In addition to this circumstance, patients in a pro-inflammatory state, such as patients with diabetes mellitus, have also demonstrated high on-treatment platelet reactivity (HPR) independent from CYP2C19 gene polymorphism. These patients have heightened platelet activation [2, 3] and a higher percentage of circulating immature platelets. Theoretically, these features may counteract the inhibitory effect of clopidogrel on platelets. [4, 5] During sustained inflammation, lymphocyte counts decrease as a result of increased lymphocyte apoptosis. The resulting inflammatory conditions lead to increased proliferation in megakaryocytic series and relative thrombocytosis. A previous study revealed an association between high circulating platelet count and MACE in patients with severe coronary artery disease (CAD). [6] Platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) are new prognostic markers that integrate the risk prediction of these two parameters into one. PLR, in particular, offers information about both the aggregation and inflammation pathways and it may be more valuable than either platelet or lymphocyte count alone in the prediction of inflammatory burden, and thus HPR. Herein, we investigated the usefulness of novel cardiovascular risk markers (PLR and NLR) in predicting HPR in clopidogrel-treated patients with ACS.
Methods

Study Population and Study Protocol
This study is a single-center and retrospectively designed study. The study protocol was approved by a local noninvasive Ethics Committee. We screened 262 patients who were hospitalized due to ACS between January 2011 and December 2014 in our clinic. Among the 262 patients screened, we enrolled 244 patients whose personal and hospital data were sufficient. Eighty-one patients were diagnosed with non ST-elevation myocardial infarction (NSTEMI), and 163 patients were diagnosed with STEMI. A loading dose of 300 mg was administered to each patient on admission, and this was followed by a daily dose of 75 mg. In the case of primary PCI, the patients were administered a 600 mg loading dose of clopidogrel just before the procedure.
Demographic and clinical variables of the patients (including age, gender, and history of diabetes mellitus, hyperlipidemia, hypertension, and smoking) were recorded. A detailed physical examination was performed for all of the patients included in the study, and they were questioned about their history of previous MI, diabetes mellitus, smoking, hypertension, noncardiac diseases, and family history of CAD. Arterial hypertension was defined as having at least three repeated measurements of blood pressure above 140 mmHg systolic and 90 mmHg diastolic or active use of antihypertensive drugs. Diabetes mellitus was considered in patients with fasting plasma glucose levels above 126 mg/dL in at least two different measurements or current use of anti-diabetic drugs. Smoking was defined as active smoking at the time of the cardiovascular event date. Ex-smokers were not counted as active smokers and were classified with patients who had never smoked. A positive family history for CAD was defined as having a history of CAD or sudden cardiac death in a first-degree relative before the age of 55 years for men and 65 years for women. STEMI was defined as acute chest pain and persistent ≥2 mm ST-segment elevation (>20 min) in at least in two contiguous leads. NSTEMI was defined as acute chest pain with transient ST-segment depression or T-wave inversion, flat T waves, pseudo-normalization of T waves, or no electrocardiogram changes at presentation accompanied by the detection of a rise and/or fall of cardiac biomarker values (preferably cardiac troponin) with at least one value above the 99 th percentile upper reference limit.
Patients with advanced valvular heart disease clinically decompensated congestive heart failure, malignancy, hematological disorders, severe renal or hepatic insufficiency, systemic inflammatory conditions, active infection, autoimmune disorders, and patients using steroids were excluded from the study.
Blood samples were collected at rest in a fasting state after careful antecubital vein puncture with a 21-gauge needle.
Collection of blood samples was performed in the morning, usually between 7:00 a.m. and 10:00 a.m. The blood samples for HPR were collected 72 h after the first dose, and the last dose intake of aspirin or clopidogrel was administered 24 ± 1 h before the collection of blood samples to guarantee assessment of the exact level of platelet inhibition. The first few milliliters of blood were disposed of to avoid spontaneous platelet activation.
Assessment of High On-treatment Platelet Reactivity
HPR was evaluated using adenosine diphosphate (ADP)-induced platelet aggregometry, which was conducted using a multiplate electrode aggregometry (MEA) device called the Multiplate Analyzer (Dynabyte, Munich, Germany). The multiplate analyzer analyses the function of platelets in whole blood at 37°C via attachment of platelets on metal electrodes, resulting in a change of the electrical impedance, which was simultaneously recorded. Hirudin-anticoagulated whole blood was then diluted and stirred for 3 min in the test cuvettes. Finally, ADP in a concentration of 6.4 mmol/L (ADP test) was added, and aggregation was continually recorded for 5 min. The increase of impedance caused by the attachment of platelets to metal electrodes was detected and transformed to arbitrary aggregation units, which were plotted against time. Aggregation measured with MEA was reported as the area under the curve of arbitrary units (AU-min), and HPR was detected as a change in maximal aggregation ≤20% from the baseline.
Platelet-to-lymphocyte Ratio and Neutrophil-to-lymphocyte Ratio Analysis
Samples for PLR analysis were drawn on admission and analyzed within 1 h after sampling by a Beckman Coulter LH 780 Analyzer (Pasadena, California, USA). The blood samples were stored in ethylenediaminetetraacetic acid-containing tubes. PLR was defined as the absolute platelet count divided by the absolute lymphocyte count. NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count. 
Statistical Analysis
Results
A total of 244 patients with ACS (72% men) were enrolled in this study. Forty-three members of the study population were nonresponsive to clopidogrel (mean age: 64 ± 13), and 201 were responsive (mean age: 61 ± 11). Of these 244 patients, 18 (7.3%) underwent primary PCI. The great majority of the patients ([92.7%], n = 226) received a 300 mg loading dose, whereas the rest received a loading dose of 600 mg. The mean age of the study population was 62 ± 12. The baseline demographic, biochemical, and hematological characteristics of the groups can be seen in Table 1 . Multivariate logistic regression analysis indicated that PLR was significantly associated with HPR (P < 0.001) [ Table 2 ]. The cut-off value of PLR was calculated with an ROC curve and using a cut-off level of 331; PLR predicted HPR with a sensitivity of 73% and a specificity of 69% (odds ratio: 376.15, 95% confidence interval = 37.813-3741.728 P < 0.001, area under ROC curve: 0.885) [ Figure 1 ].
Discussion
Previous studies have outlined the interindividual variability in the platelet inhibitory effects of clopidogrel. [7] Several underlying mechanisms have been suggested for clopidogrel nonresponsiveness, including noncompliance, variations in pharmacokinetics, intestinal absorption, CYP3A4 metabolization, and systemic inflammation. Inflammation plays an important role in HPR. Inflammation at the site of an atherosclerotic plaque is the major determining factor in the progression and clinical outcome of cardiovascular diseases, including stroke, peripheral vascular disease, and CAD. Therefore, attention has been paid to several markers of systemic inflammation related to HPR, including CRP, von Willebrand factor, and fibrinogen. [8] The presence and severity of increased endothelial dysfunction and platelet reactivity are potentially related to the interindividual variability of clopidogrel efficacy. [9] Ge et al. demonstrated a significant link between inflammatory markers and platelet function resulting in HPR. [10] According to Caruso et al., the upregulation of circulating and platelet adhesion molecules and the presence of a defective platelet antioxidant system suggest that oxidative stress and inflammatory signals might favor platelet hyperactivity, which may be associated with clopidogrel response variability. [11] PLR is a novel hematological parameter that indicates the inflammatory and prothrombotic state of the patient. High PLR values have been associated with poor prognosis in patients with cardiovascular diseases; however, there are limited data about the association between PLR and HPR. [12] [13] [14] [15] In the current study, we demonstrated that high PLR level was significantly associated with HPR in clopidogrel-treated patients with ACS. This study showed that a PLR value over 331 on admission predicted HPR with a sensitivity of 73%. To the best of our knowledge, this study is the first report investigating the relationship between PLR and HPR.
The initiation and expansion of atherosclerosis in coronary arteries are influenced by many contributing factors. Inflammation plays a central role in all phases of atherosclerosis, which eventually results in thrombotic consequences. [16, 17] Lymphocytopenia is a usual finding during the course of chronic inflammatory states due to increased lymphocyte apoptosis. In addition, leukocyte production in bone marrow tends to shift toward increasing neutrophils and decreasing PLR=Platelet-to-lymphocyte ratio, NLR=Neutrophil-to-lymphocyte ratio
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The receiver operating characteristic curve analysis of platelet-to-lymphocyte ratio for predicting high on-treatment platelet reactivity (odds ratio: 376.15, 95% confidence interval = 37.813-3741.728 P < 0.001, area under receiver operating characteristic curve: 0.885) lymphocytes as a response to a chronic inflammatory state. Lymphocytes exhibit a more convenient immunological response; however, neutrophils demonstrate a much more destructive inflammatory reaction. [18] The diagnostic and prognostic practicability of a low lymphocyte count have been previously indicated in patients with ACS, and Ommen et al. found low lymphocyte count to be significantly associated with survival in patients with stable CAD. [19] They suggested that a low lymphocyte count was a novel prognostic indicator in patients with stable CAD. Therefore, it is reasonable to suppose that the lymphocyte count represents an early marker of systemic inflammation.
Leukocyte count is a cheap and easily accessible indicator of the inflammatory response. It has been suggested that neutrophils participate in each step leading to acute coronary events and can expose pro-oxidant and pro-thrombotic mediators, causing endothelial damage and thrombocyte aggregation. Previous studies have revealed that an increase in total white blood cell (WBC) is related with MACE after acute MI. [20] After the realization of a more essential role for immune response in the pathogenesis of CAD, attention has been directed to leukocyte subgroups, especially the NLR. As a combined inflammatory marker, NLR defines the effects of a nonspecific inflammatory response mediated by neutrophils as well as the subsequent regulatory immune response involving lymphocytes. Çiçek et al. demonstrated that the combination of PLR and NLR can be useful for the prediction of in-hospital and long-term mortality in patients undergoing primary percutaneous primary intervention. [21] In this study, we demonstrated that NLR level alone was not associated with HPR in clopidogrel-treated patients with ACS.
Previously conducted studies have shown that 600 mg dose of clopidogrel was associated with higher levels of platelet inhibition and lower mean posttreatment reactivity of ADP than the 300 mg loading dose. [22] In the CURRENT OASIS-7 (Double-dose versus standard-dose clopidogrel and high dose versus low-dose aspirin in individuals undergoing PCI for ACS) trial, a total of 25,087 patients with ACS were randomized to a high-dose regimen (600 mg loading dose of clopidogrel, followed by 150 mg/day for 1 week) or the standard regimen (300 mg on the 1 st day followed by 75 mg/day). A total of 600 mg loading dose of clopidogrel in ACS + PCI population demonstrated some benefits. This trial, however, indicated a significant reduction in definite stent thrombosis. [23] In the CLEAR PLATELETS (Clopidogrel Loading with Eptifibatide to Arrest the Reactivity of Platelets) study, 600 mg loading dose was associated with a superior pharmacodynamic antiplatelet activity compared to a 300 mg loading dose of clopidogrel. [24] In 2015, Sharma et al. conducted a study to evaluate the specific relationship between circulating blood leukocytes, troponin I, and cardiovascular risk factors. They demonstrated that the neutrophils, lymphocytes, and total WBC along with its ratios predicted mortality and are more likely to be elevated in the presence of cardiovascular risk factors. [25] In our study, we did not investigate other hematological parameters except total WBC, lymphocyte, neutrophil counts, PLR, and NLR regarding association with HPR. Among these parameters, multivariate logistic regression analysis indicated that only PLR was significantly associated with HPR (P < 0.001).
There are also some confounding factors in our study population such as smoking, diabetes mellitus and hypertension related to the existence of HPR. Enhanced clopidogrel response in smokers, defined as the smokers' paradox, is not universal but was observed only in cytochrome P450 CYP1A2 A-allele carriers which indicate a genotype-dependent impact of smoking on clopidogrel responsiveness. [26] In our study, the existence of smokers' paradox was also confirmed. Hypertension and diabetes were also considered to be other risk factors for HPR in recently conducted studies; however, in our study, we did not observe such kind of relationships. [27, 28] In our study, the PLR values of participants were significantly associated with AU-min values, which support the hypothesis that PLR as an indicator of inflammatory state in the body may be an independent parameter for predicting HPR in patients with ACS. Increased proliferation in megakaryocytic series and relative thrombocytosis are consequences of the continuing inflammatory state in the body, and they cause a prothrombotic condition. It has been stated previously that healthy individuals with increased platelet counts have an augmented risk of experiencing cardiovascular events. High platelet and low lymphocyte counts have been demonstrated to be risk factors for worse cardiovascular outcomes in the previous studies. [29] High PLR, as a novel prognostic marker, combines the risk prediction potential of these two parameters into one. The advantage of PLR calculation could be that it provides a picture of the extent of both aggregation and inflammation and it could be more reliable than either lymphocyte or platelet count alone in the prediction of coronary inflammatory burden and thus in the prediction of HPR.
Conclusions
In this study, we found that PLR value at the time of admission was significantly associated with the existence of HPR in patients hospitalized due to ACS. We believe that more attention should be paid to the PLR values of these patients on admission to identify individuals who may not benefit from clopidogrel therapy during the course of ACS.
Study Limitations
This study has a few limitations. The first is the retrospective design of the study. The present study was not an interventional study; therefore, the results of the study should not be interpreted as causative but rather associative and hypothesis-generating. Another limitation is the variations in the presence of clinical predictors of clopidogrel response, such as genotyping variants. Additional validation cohorts are required to confirm the applicability of these results to other patients suffering from similar clinical conditions.
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